A series of compounds possessing polyvalent iodine groups was prepared from onitroiodobenzene. Single crystal X-ray investigation revealed a strong interaction between iodine atom and one of the oxygen atoms of the nitro group. This interaction is strongest in trifluoroacetate of hydroxy(o-nitrophenyl)iodonium salt, which is formed from an iodosylarene and an acid being the first example of this new class of compounds. These compounds are also characterized by NMR-spectroscopy.
Introduction
Abnormally high reactivity of o-nitrohaloarenes compared to p-substituted ones in a number of reactions, such as Ullmann coupling 1 , Cu(I) catalysed substitution of one halogen by another 2 , dehalogenation with Cu in boiling acetic acid 3 , has no clear explanation in the literature. We supposed that the enhanced reactivity of o-nitrohaloarenes could be a result of formation of a strong hypervalent donor-acceptor bond between oxygen of a nitro group and a halogen atom in a transition state or in an intermediate. This hypothetical moiety would contain a five-atom heterocycle, condensed with the benzene ring. One of the driving forces for its formation can be a relief of steric hindrance between halogen and nitro group. Additionally, conjugation between nitro group and aromatic ring would be favored by their coplanar disposition. Structural fragment of the same geometry is well known for polyvalent iodine compounds, the best example is iodoxole, an isomer of the hypothetical o-iodosylbenzoic acid 4 . One should notice that the anion of iodoxole and o-nitroiodobenzene are isoelectronic compounds. On the other hand, the hypervalent donor-acceptor bond, included into a 5-member cycle is known for a number of S, Se or Te containing compounds 5 , which are, in turn, isoelectronic to 2-NO 2 -C 6 H 4 -I + -X type of compounds. Thus our assumptions led us to a search for compounds, in which formation of a bond between halogen and o-nitro group is plausible. The positive charge on halogen atom is obviously favorable for this hypothetical interaction; therefore derivatives of o-nitroiodobenzene with polyvalent iodine appeared to be promising candidates to study at first. Chemistry of polyvalent iodine compounds has enlarged very fast in the past three decades. 6, 7 Literature search has shown that a number of such compounds were described, but structural investigation had not been made at all, and their characterizations in many cases were insufficient. A number of o-nitrodiphenyliodonium salts is known for years -iodide, 8, 11 bromide, 9, 11 chloride, 11 fluoride, 10 nitrate, 11 tetrafluoroborate 12 and hexachloroplatinate, 12, 13 . They are characterized by melting points and, in one case, by 127 I NQR study. 12 One bromonium salt -onitrodiphenylbromonium triiodomercurate has also been prepared. 13 Other compounds are o- Therefore the goal of our work was to synthesize a number of derivatives of oiodonitrobenzene, to study their structure and to attempt to find an evidence for existence of a bond between iodine and nitro group.
Results and Discussion

Syntheses
We were able to prepare a series of hypervalent iodine compounds from o-nitroiodobenzene 1 using methods, described for derivatives of unsubstituted iodobenzene. All compounds are stable in crystalline form, with exception of o-nitrophenyliododichloride 2. It slowly decomposes on standing. In solutions, all compounds slowly form onitroiodobenzene 1, therefore NMR measurements were made immediately after preparation of a sample. Availability and sufficient stability of these compounds makes them prospective candidates for testing as oxidants for various synthetic purposes.
p-Nitroiodobenzene dichloride, p-nitroiodylbenzene and p-nitrodiphenyliodonium bromide were also synthesized by the same known methods for comparison of their NMR spectra and crystal structure.
Crystallography
Five out of seven synthesized compounds formed good quality crystals for crystallographic study. All attempts to prepare crystals of o-nitroiodosobenzene 4 failed. We had good crystals of 2,4-dinitroiodobenzene (DNIB) and this compound was taken instead of o-iodonitrobenzene 1 for comparison. Detailed discussion on the crystalline structure of the compounds is beyond the scope of this article. Only key feature -interaction between nitro group and iodine-containing group will be considered. The ORTEP drawings are given on Fig. 1 and key parameters of molecular structure are given in Table 1 . To our great satisfaction, three of the studied compounds (3, 7, 8) demonstrated strong interaction between nitro group and iodine (Fig. 2) . This bond is included into a T-shaped hypervalent formation with I-C bond and a bond between iodine and a substituent at it.
o-Nitroiodobenzene dichloride 2 and diacetate 5 have no "vacancy" for formation of a Tshaped structure and therefore no bond between nitro group and iodine is formed.
The hypervalent iodine derivatives of o-nitroiodobenzene thus can be referred to two structural types: one -compounds 3, 7, 8 with covalent bond between O and I and a 5-ring geometry close to coplanar; another -compounds 2 and 5 with no or little covalent interaction between O and I and non-coplanar geometry, structurally similar to dinitroiodobenzene.
The strongest interaction between nitro group and iodine is in o-nitrophenylhydroxyiodonium trifluoroacetate 8. This compound, in our opinion deserves a special attention. Bond O-I of 2.51 Å is only slightly (~ 0.2 Å) longer than in iodoxole (2.30 Å) 20 . The 5-membered ring is nearly coplanar (the biggest dihedral angle N-C-C-I is 3.0 o ). C-C-N and C-C-I angles are close to 120 o .
Like in iodoxole, C-I-O angle is distorted from optimal 90 o and is 71. It's a salt of o-nitroiodosylbenzene and trifluoroacetic acid, therefore we can call it onitrophenyliodosylium trifluoroacetate. The support for this name would be preparation of structurally similar salts from o-nitroiodosobenzene with other acids like trichloroacetic, other perfluorocarboxylic, toluenesulfonic, nitric, etc.
It's a compound with two radicals and a positive charge at iodine atom, therefore we can call it hydroxy(o-nitrophenyl)iodonium trifluoroacetate. This name would be supported by conversion of this compound to salts with other anions without exchange of a proton of HOgroup or by HO-transfer reactions, similar to aryl transfer in diaryliodonium salts. However, it seems impossible to distinguish between the two names. Formation of other salts would support both, and HO-transfer can be explained as well-known oxidation by iodosyl compounds.
Most interestingly, it's a heterocyclic compound of a new type; therefore we can call it benziodoxazolium trifluoroacetate. To support this name, an exchange of substituents at 5-ring would be decisive factor -like substitution of HO to MeO or substitution of the second oxygen in a nitro group to another moiety, for instance PhN=.
Crystals of o-nitroiodylbenzene 3(benziodoxazol oxide?) are built of molecules of two types, both having nearly coplanar five-membered ring and intramolecular O-I distances of 2.77 Å and 2.68 Å, respectively (in benziodoxol oxide -2.32 Å 21 or 2.26 Å
22
). The shortest distance between these two molecules is 2.86 Å, however, other O-I intermolecular distances are also short, the shortest is 2.52 Å in a flat rhombic fragment formed by two iodyl groups of type (1). The O-I distance in 2-nitrodiphenyliodonium iodide 7 (phenylbenziodoxazolonium iodide?) is 2.74 Å, also just slightly longer than in carbon analog (2.48 Å). 20 The difference between derivatives of o-nitroiodobenzene and corresponding isoelectronic derivatives of o-iodobenzoic acid is smaller for 7 and 8, than for 3. As we anticipated in the introduction, positive charge favors formation of a hypervalent donor-acceptor bond.
After the work was completed we learned about very similar findings on the structure of o-tbutylsulphonyliodyl-and yodosylbenzenes and tosylimide of the latter 23, 24 . In these compounds distance between Iodine atom and one of the Oxygen atoms of SO 2 group is ca. 2.7 Å, and 5 atoms (I-O-S-C-C) form nearly coplanar 5-membered ring. Crystals of o-t-butylsulphonyliodyland yodosylbenzenes contain a molecule of methylene chloride and deuterochloroform respectively, which are bound by a weak hydrogen bond to an Oxygen atom, thus forming a structure similar to the structure of o-nitrophenylhydroxyiodonium trifluoroacetate 8.
NMR
It is noteworthy that o-nitroiodosylbenzene 4 is the second of only two known to us examples of iodosyl compounds, for which NMR spectra had been recorded 23 , though we can't be sure in which form 4 exists in DMSO solution.
1 H NMR chemical shifts are given in ones. This is due to direct shielding effect of the π-electrons of the nitro group (for H-3) and its reduced conjugation with the aromatic ring, as a result of non-coplanarity. Correlation for o-nitroiodylbenzene 3 is good. Mean deviation for this compound is 0.06 ppm, similar to that for p-nitroiodylbenzene (0.05 ppm). This also can be explained by a position of the nitro group, which is close to coplanar in this case. In o-nitrophenyliodonium iodide 7 calculated values for H-3 and H-4 are also close to experimental ones. Additional shielding by aromatic electron current of the second aromatic ring is, likely, responsible for relatively low chemical shifts of H-6 and H-5. As can be seen from Fig. 2 , the unsubstituted aromatic ring is orthogonal to the plane of the ring that contains a nitro group; H-5 and especially H-6 thus fall into the shielding zone of the substituent. The spectrum of o-nitroiodosylbenzene trifluoroacetate 8 is more similar to that of o-nitroiodylbenzene 3, rather than to the spectra of dicarboxylates 5 or 6.
13
C NMR chemical shifts are given in Table 3 . Low solubility and fast decomposition of onitroiodosylbenzene 4 in solution did not allow us to detect signals of C-1 and C-2 or to assign other signals. Assignment of signals for o-nitroiodylbenzene 3 is not unequivocal, due to close values for both experimental and calculated chemical shifts for pairs of carbon atoms that can not be assigned from 2D experiments(C-1/C-2, C-3/C-6 and C-4/C-5). 
Conclusions
Indeed, our results confirm the existence of significant intramolecular O-I bond in certain derivatives of o-iodonitrobenzene. This bond is so strong in o-nitroiodosylbenzene trifluoroacetate, that the compound can be considered as the first example of a new class of heterocyclic compounds -benziodoxazolium salts. This finding is in agreement with our hypothesis that formation of similar bond is a key factor responsible for enhanced reactivity of o-nitrohaloarenes in selected reactions.
Experimental Section
Syntheses o-Nitroiodobenzene dichloride (2) . was prepared by passing chlorine into a solution of onitroiodobenzene 1 in chloroform or carbon tetrachloride. Precipitation started soon; when it stopped the reaction mixture was allowed to stand in the fridge overnight. The precipitate was filtered, washed with cold carbon tetrachloride and used for further reactions or crystallized from chloroform to obtain crystals for X-ray and NMR investigations. Several runs produced yields between 70 and 90%. o-Iodylnitrobenzene (3). was prepared from o-nitroiodobenzene dichloride 2 by the method described for unsubstituted iodosylbenzene 26 by oxidation with sodium hypochlorite. Crude product was crystallized from 70% acetic acid to yield crystals suitable for X-ray and NMR measurements. o-Nitroiodosylbenzene (4). This compound was prepared by the method described for unsubstituted iodosylbenzene 24 
